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CAN TOVENSEND'S GROUND SOUIRRELS SURVIVE 
ON A DIET OF EXOTIC ANNUALS? 


Eric Yensen! and Dana L.. Quinney 

ABSTRACT.— Southwestern Idaho desert shrub-bunchgrass rangeland is being invaded by fire -prone exotic annuals that 
permanently dominate the landscape following wildfires. This study was undertaken to describe dicts of Townsend's ground 
squirrels (Spe rmophilus townsendii idahoensis) at four study sites with varving degrees of exotic annual invasion to 
determine if the squirrels could utilize high proportions of exotic annuals in their diets. Townsend's ground squirrels were 
collected in March and May of 1987 and 1955, and stomach contents were analyzed using a microhistological te chniqne. 
Grasses comprised 37-87% of Townsend's ground squirrel dicts at the four sites. Native specics, especially Sandberg’s 
bluegrass (Poa secunda), winterfat (Ce rratvides lanata), big sagebrush (Artemisia tridentata? and six-weeks lescuc 1 \ ulpia 
octoflora) constituted 7T-96% (x = 47.2%) of the diet. whereas exotic species, ¢ specially cheatgrass (Bromus tectorume, 
tumbleweed (Salsola iberica), and tansvmustards (Descurainia spp.) nade up 4-68% (x = 45.0%) of the diet. At each site 


2-4 species comprise sd >90% of the diet. There was 10 apparent Corre jJation between the importance values of Cxotic specics 


at a site and their importance in Townsend's ground squirrel dicts. 


Key words: Spermophilus townsendii, food habits, dictary analysis, ldaho, ground squirrels. 


The Snake River Birds of Pie etcas iS. 


43,000-ha tract of multiple-use shmb-steppe 


rangeland administered by the U.S. Bureau of 


end Management. Townsend's ground squir- 
rels (Spermophilns townsendii ‘dalee sis) are 
important prey of raptors, and continued exis- 
tence of the area’s dense breeding populations 
of raptors depends upon dense Townsend's 
ground squirrel populations (U.S. Department 
of Interior 1979), 

lnvasion of southwestern Idaho rangeland 
by exotic annuals such as cheatgrass (Bromus 
fectorum), tumblemustard (Sisymbrinin altis- 
sini), pinnate tansymustard (Descurainia 
pinnata). and tumbleweed (Salsola iberica) has 
resulted in frequent and destructive wildfires 
that kill native shrubs and weaken native buneh- 
grasses, Over time, fires have resulted in the 
permanent replacement of native shrub- and 
bunchgrass-dominated communities by exotic 
ual dominated communities (Yensen 1980, 
Kochert and Pellant 1986). 

Townsend's ground squirrel populations arc 
much less stable in exotie annual-dominated 
commmunities than in native shrub communi- 
ties (Yensen ct al. 1992). Native perennial forbs, 
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bunchgrasses, and shrubs apparently: provide a 
more constant, stable food source than exotie 
annual species that may vary in productivity 
between wet and dry years by several orders of 
magnitude (Young et t al. 1987). 

Like other ground squirrels of subgenus 
Spermoplhilus, Townsend's ground squirrels eat 
green vegetation early in their four to five- 
nial active season, then eat sceds of OTASSCS 
and forbs to fatten up for hibemation | Howell 
1938, Rickart 1982). In southwestern Idalio, 
Townsend's ground squirrels are in estiva- 
tiowhibemation from June or July mitil the fol- 
lowing January o1 -Febmary with low survival 
rates (ca. 289%; Smith ane Johnson 1985). Food 
quantity and quality could influence ovenvin- 
tering survival as well as reproductive success 
the following spring. 

Townsend's ground squirrels are known to 
eat native forbs (Sphaeraleca: Davis 1939), bunch- 


grasses (Poa sp.; June grass, Koeleria sp.; Davis 
1939), and desert shrubs (big sagebrush, Arte- 


misia tridentata; budsage, Artemisia spinescens: 
shadseale, Atriplex confertifolia; Davis 1939. 
Johnson 1961), as well as insects such as grass- 
hoppers and cicadas, and occasionally carrion 
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& relative cover plus @ frequency) in May 1987 and 19SS at four study sites 


at Covote Butte m the Snake River Birds of Pre v Area. sontliwestern Idaho. 


Big 
Species sagebrush 
LOST }OSS LOST 
(Sins S 
Bromus tectorum 25 2 1] 
Poa secunda G7 GO QQ) 
Vulpra octoflora 16 7 24 
Sitanion lystrix 16 3 I 
\uropyton desertorum () () 0 
SHbUBS 
Ceratoides lanata 29 {7 3 
Vetomisia tridentata ee 39 () 
triplex nuttallti () () () 
FORBS 
>Salsola iberica () () 33 
Descurainia sophia () () 3) 
“Sisymbrinm altissinuan () 1] 5 
Lactuca scrriola () () () 
Other forbs () 5 (0) 
"Pot Cove kt Se) oe 24 26 
SOLE SPECIES 
Hlowell 1938, Alcorn 1940). Hlowever, the a do 


eat introduced cheatgrass, tumblenmstard., 
peppergrass (Lepidinur pe ifoliatun: Davis 
1939) as wellas crop species like alfalfa, wheat, 
barley, potatoes. beets, and lettuce 
Howell 1935), 

Johnson (1980) and Rogers and Gano (1980) 
studied diets of Spermophilns lowuseudii 
fomnsendii aM Washington and lomid native 
bluegrass | Poa sp.. 26-29%) and Iupine 
Lupinus laxiflorus, 11-25%) to be dictarily 
hnportant, whereas Descuvainia was the only 
exotic caten in quantity (15-33% ) 


Clos. 


): che atgrass. 
brubleweed. tranblemustard, and peppergrass 
constituted O-4% of the diet. Jolson et al. 
LOTT estimated the percent volume of food 
categories in 17h Townsend's ground squirrel 
stomachs in the Snake River Birds of Pre oh ake 
They found grasses. including ehe aterass, WeTE 
rast inaport. init. followed by forbs and winterfat 
Ceratoides lanata . 

Becanse tumble- 
peppergrass are becoming 
Increasingly dominant in the Snake River Birds 


Cheatgrass. tainbleweed, 


listarad, anil 


at Prov \rea, this study was designed to learn if 


Townsend's ground squirrels were substituting 
these exotics for native Species theircdiets. We 
also wished to learn if Consmuption-introduced 
plant Spec§4%es Increased with increases in the 


Study Site 














Native Exotic Rehabilitation 
STUSSES annuals seeding 
IYSS 19ST 19SS LOST 19SS 
~s S6 be 0 3] 
3% 45 45 SO 60 
0 ae 5 ]2 3 
l4 S 2) 0) 28 
() 0) 0) 2g 2 
2 () (0) i (Q) 
0) (0) 4 () 0) 
0 () () () 20) 
26 0 Q) 40 is 
Q 0) () (0) (Q) 
a] +H l4 0) 5) 
0) 0) 0 | () 
el () iu 0 2 
15 Z| 10 1S 14 








proportion of exotic annual species in the habi- 
tat. Llowever, the study was not designed to 
study die tary preference as such. 


STUDY SITES 


Four study sites were located near Coyote 
Butte, approximi ately 19 km sonth of Kuna, Ada 
County, Idaho, in the Snake River Birds of Prev 
Area. The sites described below were selected 
for progressively greater deviation from undis- 
turbed native vegetation. 

UNBURNED BIG) SAGEBRUSH.—This — site 
(TIS. RIW, Sec. 24: elev. S30 in) is a big sage- 
brush-winterfat mosaic and = represents the 
mmburaed condition of the other three sites. Big 
sagebrush, winterfat, and native — grasses 
(Sandberg bluegrass [Poa secunda], squirrel- 
tail |Sitanion hystrix], and six-weeks fescue 
[Vulpia octoflova]) dominate the site; cheatgrass 
is the main exotic annual (Table 1). 

NATIVE GRASS.—This site (TIS, RI\WW, Se@ 
13: elew S50 m) is <<) kin northwest of the 
unburned big sagebrush site ina former big 
sage sleiiali nes fat community bumed by a 
tee in-cansed wildfire on 26 Angust 1983. The 
lire killed the shrubs, and the site was domi- 
nated subsequenth: by native Sandberg’s blue- 
erass. sixeweeks fescue, and squirreltail, with 
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some introduced tumbleweed, cheatgrass, and 
other exotic annuals present (Table 1) 

EXOTIC SUA LS— This site (TIS, KI 
Sec. 13; elev. $50 mm) is adjacent to the native 
crass site and was similar to it prior to the 1983 
Ric (D. L. Quinney, unpublished data). Both 
sites were iinie d by the same fire. However, 
since the fire, the exotic anmnals cheatgrass and 
tumble mustard, with some renmant native 
grasses, especially Sandberg’s bluegrass (Table 

1). have dominated the site. 

REHABILITATION SEEDING —This site is 
located 6 kin east, 2.5 kin south (TTS, RIE, Sec. 
27: elev. SS5.m) of the unburned big sagebrush 
site. The area burned in 19S1, was reseeded 
with desert wheatgrass (Agropyron desertorium) 
in 1982. but burned again in 1983. In 19S7 and 
19SS, the area was Pain: ited by Sandbere’s 
bluegrass, desert wheatgrass, nun lege d, Anil 
Pier native and exotic fare" Table ] 


METITODS 


To determine the degree of exotic annual 
invasion at each: site, vegetation ani aly: Sis wel 
conducted in early June 1987 and late May 1988 
while Townsend's ground squirrels were being 
collected. At each site we used a transect ak 
forty 1-1 quadrats Spi aced at 10-1 intervals 
(Danbenmire 1959). Percent cover of each spe- 
cies was estimated using a }-m° quadrat frame 
divided into tenths to facilitate estimation. To 


give a better approximation of the av ‘alability of 


Each plant species, percent relative cover and 
percent relative lreque ney were converted to 
Mportance \ wales (Cox 1990). 

Squirrels were collected by trapping and 
shooting at all four sites in May and June 1987 
(Gt = 75) and in March and May (95Sa07 = 42) 
except from the rehabilitation: seeding site in 
May 1955. Squirrels were aged in the fic m using 
pelage and body weight criteria 

Land Management, unpublished ne a). Repre- 
sentative spe ehnens were pre pared als (1) stan- 
dard study skins with skulls (a = 12), 2) 


skeletons (7 = 3), or (3) skulls only Ga = 25) and 


deposited in the Albertson College Sinice in of 


Natural History. Tooth-wear patterns (Yensen 
1991) were consistent with the age assignments 
for all specimens. Based on Ave se criteria, all 
I9S7 specimens were juveniles since thev were 
collected late in the active season while the 
adults were entering seasonal torpor; all 19S 
specimens were either vearlings or adults. 


TOWNSEND'S GROUND SOPIRRED, 


(Burean OF 


LETS Sar 


Stomachs were removed from the animals 
innnediately postmortem and preserved in 70% 
ethanol. In the lab. stomach contents were 
removed from ethanol, diluted 50% with water, 
ad homogenized }min ina Waring blender to 
produce fragments oftmiform size. The homog- 
enate was washed through a d-min sieve 
(Hlansen 1978) and collecte af a0. ]-mm sereen 
to remove tiny, nnidentifiable fragments. The 
material was then mounted ou microscope 
slides using Hertwige’s and Hover’s media 
(Sparks and Malechek 1968). 

Plant species in the diet were identified by 
comparisons to a reference collection of micro- 
scope slides using microhistological characters. 
All reference slides were made from catalogued 
specimens in the Albertson College Harold M. 
Tucker Herbarium and were prepared using the 
technique described above. 

For food habits analysis, one slide was exam- 
ined per stomach. Occurrence of food catego- 
ries (requeney) was recorded from each of 20 
microscope fields per slide using a phase- 
contrast microscope at LOOX. Fre sqnency/20 
fields was then converted to percent re ative 
density (Sparks and Malechek 1968) nsing a 
table develope ‘d for frequency-to-densitv con- 
version (Pracker and Brischle 1944). 

The importance of cach dietary category was 
calculated ay three ways: (1) percent relative 
density, a standard dry-we ath conversion from 
frequency data (Spi arks and Sine chek 1965); (2) 
perecit {re quency in stomachs, the percentage 
of stomachs froma site with the item: and (3) 
percent frequency in microscopic fields, the 
percentage of all microscopic fields fron a site 
with the item. 

Twenty microscopic fields were examined 
from each slide using a predetermined pattern, 
and frequency of occurrence of each species 
was recorded, The fre squency of cach dietary 
category/20 fields on one slide was compared 
with other slides (or replicate connts of the same 
slide) using the Kulevznski Index‘ Oosting 
1956) (also well known as the Bray . itis simi- 
larity index | Bray and Curtis 1957] 


2w/ (a +b) 
The index was calculated as a dissimilarity inde. 
} = [210/ 
using a BASIC microcomputer program pro- 
vided by Ludwig and Reynolds (195%). 


Weather data were from the National Oce- 
anic and Atmospheric Administration mouthly 


(a + b)] 
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Tver) 2. Late season 25 Max 19 June) L987 Townsend's ground squirrel dicts. Data are from stomachs of juvenile TGS 


atlours tes in the Snake River Birds of Prey Area. Adults were entering torpor and none were collected during this period, 
Dic tar Composition is given as percent relative density (RID), percent frequency in microscope fields (MIF), and percent 

















Frequency in stomachs PS lor cach dictary category. Other svinbols: + = <1%, ~ = absent, and a = number of stomachs. 
Cnburmed Native Exotic Rehabilitation 
big sagebrush OTUSSCS annuals seeding 
Dictan categon RD Tr Ps RID NEF PS RD MF PS RD MEF PS 
N = 20 iS 19 


CFRASSES 

















Bromus tectorum 22 tl | 62 93 100 ol 413 ST Dt i4 95 
Poa secunda 2 x OSG + 2 us 7 S 40) ef 4 ja 
Sitanion hystrix + 2 10 - _ _ + + 13 ~ = = 
Oryzopsis hiymenoides = es Te + > = - - = = 
Grass seed - 5 19 + | 5 + ] 13 _ = 
Grass root? 2? Y 10 | 2 a + 3 13 = = = 
Total grasses 49 64 39 Ot 

SHRUBS 
Ceratoidvs lanata 3 O52 4 5 10 43 59 67 lip Le ae 
Artemisia tridentata - 2 14 | 5 10 6 19 67 + 2 5 
Atriplex nuttallii + + S. a D Le 4 [2 37 
Chiysothamnus viscidiflorus = = ~ _ - - - a = 5 
Total shrubs 3 5 ol 16 

FORBS 
Salsola iberica 39° 69 YI 3 + 4) ] 3 20) 7 \7 63 
Sisymbrium altissinuian SO 5 a 10 60 - - - 2 So we 
Descurainia 2 spp. + y» 24 + > a - _ _ _ 
Lepidium perfoliatum 2 6 2 + ] 13 S686 Fe 
Cryptantha interripta 4 : > = = = a = = = 2. 
Ranunculus testiculatus | ] 5 = = = = = = = 2 
Lactuca serviola = os ] 3] 25 = = = a S| a 
Chienopodiaceac . - + 2 + + 7 + a | 
Unidentified forb . : = = = = = = = G6 fi ll 
Total forbs 40) lI 2 1S 

NIISCELILANEOUS 
Insects S VF 62 IQ ft 90 1 2 ST a }1 aa 
fungi ] 4 10 + ] 7 + wv 2 
Unknown 5 a3 = 4 y 4 5 5 
Unidentified seed ] 5 nt + 5 = = _ _ a 5 
Total miscellaneous S A) S S 

Idaho Climatological Data reports for the Kina The vegetation at each of the four sites 

2NNEE weather station ca. 20 kin N of the study — varied significantly (all p < .01; R x C G-tests 

sites. of independence) between vears (Table 1). 


Lnportance values averaged 65% similar (range 
48-77%) at a site between vears. Total percent 
cover decreased on all sites in LOSS. In 19SS, 
when there was less herbaceous cover, the sites 
Vegetation Analysis were slightly more similar (x = 61.3%, range 
47-74%). Thus, each site differed almost as 
much between vears as the sites differed among 
each other ina given vear. 


AKSULTS 


The ve vetation at each site (Table DP) varied 
siaticanth from the other sites (all ee ne 
I Ce texts at Independence: Sokal and 
Yoh LOST. Using the Kulevznski Index. the 


eet oa : ne _. Stomach Analyses 
similarity amneng the four sites averaged 48.7% il aa 


a a ae — op + 4. 
range 27-736) in 19ST. The unburned sage- Although the three ineasures of dietary 
brnsh site was more snnilar 60¢) to the native importance (percent relative density [=percent 
grass site and loss similar to the exotic annual — dry weight], percent frequency in microscope 


and seeding sites 44 and 47%. respectively), liclds, percent frequency in stomachs) gave 
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the rank orders 
cousistent 


different numerical results, 
ainong categories were generally 
(Tables 2-4). However, percent frequency in 
stomachs was ve nm SC nsitive to : sample SIZCS. 

There were 1-9 food categories per stom- 
ach. Site means varied from 3.8 to 4.4 categories 
per stomach. The total number of food catego- 
ries used by all Townsend's ground squirrels 
sampled at a site varied from 4 to 17 on the three 

tine occasions (May-June 1987, March 
LOSS, Nav 1955). Llowever, if species used in 
traer amounts (<5% relative density) are elim- 
inated, only 3-6 (x = 4.0) categories WeTE USEC vd 
per site and only 2-4 species comprised > 10% 
of the diet. Species comprising > 10% of the ies 
at one or more study sites inchided Sandberg'’s 
bluegrass, cheatgrass, six-weeks fescue, winter- 
fat, hig sagebrush, tumbleweed, Descurainia 
spp., seeds of bur-buttercup (Raiuacultts tes- 
ficulatus), and insects. 

Grasses were important constitueruts of the 
dict in both 1987 and 19S and often comprised 
over 50% of the diet (37-SS@ relative density, 
Tables 2-4). Sandbergs — bluegrass — and 


cheatgrass were both heavily utilize fl especially 


im March 1988 (55-87% of diet). Late in the 
Townsend's ground squirrel active season (May 
and June) use of grasses declined (except at the 
exotic annual site in 19S). Most of the crass 


eaten in May—June consisted of seeds, espe cially 


of cheatgrass. Sandberg’s bluegrass leaves were 
utilized ‘slightly more Sa cheaterass leaves 
(Tables 2-4). and the two together were far 
more important than all BIC grasses COm- 
bined. Squirreltail was little nsed. although it 
was the third most abundant grass. 

Winterfat (0-43% relative density) and big 
sagebrush (0-21%) were both eaten, and 
winterfat was especially important at the cxotic 
site where it was least abnndant. Winterfat was 
utilized at all sites in 19587, even though it was 
not abundant enough to be sample (| by the 
vegetation analysis at the exotic annual site. In 
19SS it was eaten only at the unburned. big 
sagebrush-winter fat site, and its use de clined 
PGuccn March and May 1988 (Table 2). Big 

sagebrush was used in March at all sites in wen 
years but was less Important in May. 

Tumbleweed and tumblenmstard were the 
most important forb specic s consumed, © Fansy- 
mustards (Descurainia sophia and D. piunata), 
peppergrass, seeds of bur-buttercup, and leaves 


_ of prickly lettuce (Lactuca serriola) were of 


secondary importance. All of these are intro- 


TOWNSEND'S GROUND SOUIRREL 


DIETS 


duced annuals. Bristh crv ptantha oC ryplantha 
inferrupta) was the only native forb found in 
Townsend's ground squirre ‘stomachs, Although 
19SS sample sizes were small, the importance of 
forbs in the diet increased in the samples 
between March and May 1988, while the per- 
centage of grasses and shrubs decreased (‘Tables 
3 oie suggesting large seasonal differences 
between March and May diets, 

A surprising number of insects were eaten. 
especially in May—fune 1987 (38-19%; Table 2). 
However, insects were not important in TOSS 
(trace amounts at the big sagebrush site only). 
Insect remains were so [r: agmeutary that ide nti- 
fication was not usually possible. However, 
abundant Lepidoptera larvae could be recog- 
nized by the soft exoskeleton and prolegs, and 
fragments recognizable as beetle antennae and 
e Ivtr awere fond 

The importance values of exotic species 
were lowest at the nnburned big sagebrush site 
in both vears and highest in the exotic annual 
site in ]OST and at the native grass site in 19SS. 
However, there was no correlation between the 
importance values of all exotic annuals at a site 
and their importance in the diet at that site (7 = 


= 54> lables |= 1), 
DISCUSSION 


The data show that for sites with varving 
degrees of exotic annnal invasion sampled over 
a two-vear period, Townsend's ground squirrels 
can and do utilize introduced species in their 
diets, and that cheatgrass, tumbleweed, and 
tumblemustard are the most important of these. 

Both the vegetation at a site and Townsend's 
eround squirrel diets varied = cousiderably 
be >tWeCH VOars and among sites. Differences in 
amount of precipitation most likely account for 
the cI ISSHECS in vegetation importance values 
between years. There was less Septe anber-Aav 
precipite ition (192 mm in 19S6—S7 and 170 mm 
in 19S7-SS at Kuna ca. 20 kin JN® Thee 
Danbenmire quadrats were taken on the same 
transect in both vears by the same technicians. 

The substantial animal differences in 
Townsend’s ground squirrel diets may be the 

result us (1) vegetation differences between 
vears, (2) the fact that juveniles were sampled 
in 1987 i adults aud vearlings were colle ne va 
in 19SS, (3) differences in collecting dates ia 
May—-19 June 1987 versus 16-19 May 1955), 

(4) small saniple sizes. 


TAB 
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3. arly season) Mare th 1985 Townsend's ground squirrel diets. Data are from stomachs of adult and vearling 


rCS at tour sites in the Snake River Birds of Prey Arca. (Juveniles were not available in March.) Dietary coinposition is 
ven as percent relative density RD) percent frequency in microscope fields (MF), and percent frequency of stomachs 

















PS) containing each dictan ate gory. Other Sunbul a 4h to absent, n = Mannie -r of stornachs. 
Unburned Native Exotic Rehabilitation 
big sagebrush GTasses annuals seeding 
Dictan categorn Rider PS RD MEF PS RD=xIr PS VD Tele PS 
‘ + 5 7 16 
CSR ASSES 
Bronus fectorian 39° 35 75 67 16 LOO 51 16 al 39 (0  =100 
Poa sccunda Is 73 100 16 92 100 4+ $6 100 39 Tl) 10u 
Vidpia octoflora 4 eee. - ~ - - - — + +. G 
Stanton hystrix — - — — + i I4 - _ - 
\vropyron desertormm - — - ~ - = — — | | 13 
Total grasses afi $3 She 19 
SERUBS 
Ceratoides lanata = = ; = 21 30 S6 em = = 
Artemisia tridentata fl 41 50 ID 3 60 21 «46-100 3 6 13 
Atriplex nuttallii = = = - _ = = = 3 S 19 
Total shrubs ll is 45 6 
FORBS 
Salsola iberica : = = = = = = a 
Sisymbriun altissinaian | 5 21) + | Lf a 4 56 
Descurainia—2 spp. 2 hb 25 = a = - = = 10 25 i 
Ranuneulus testiculatus = = = = = = = 4 
Cryptantha interrupta - ~ - - ~ - = — 2 4 ee 
Halogeton clomeratus = = = = = = S - l if le 
Lepidinin perfoliatum? : = a 2 = S + ze G6 
Crepis acuminata? es - = = = ue = G 
Lactuca serriola? : zs - - a = = af of G 
Chenop: xliaceac = = = = + + 13 
Total forbs 2 rt + ls 


The differcnees irage chasses were probably 
not important. Kitch (1948) found no differ- 
ences in adult and juvenile diets in California 
gromnd squirrels (S. beeceheyi), nor did Hansen 
(1976) find differences in Wwyo- 
ming ground squirrel (S. elegans) diets by sex or 
Dvni and Yensen (in preparation) 

dictary differences — between 
adult/vearling and juvenile age classes in Idaho 
S Tae or Columbian (S. colmubiauus) 
crouned squirrels. On the other hand, the 1988 
data do show a strong seasonal component. 
Thos. the observed annual dietary differences 


and Johnson | 


age Class. 


found = no 


maw bea result of later collecting dates in LOST, 
ombined with annual vegetation differences. 
Vth oneh 117 stomachs were examined, the 
yeosizes were too simall to draw many con- 
| 1 bout intersite and between-season 
lets oan FOSS) Thos unount of collecting hada 
deletes CHect on focal Townsend's ground 
squimrel Gonsihes and we reconnnend use of 
Ollie methods ‘asouial or annnal dietary 


stilts are of inter 





Ateach site, several plant species were found 
in Townsend's ground squirrel stomachs that did 
hot appear in “the vegetation analysis for that 
site. The Daubenmire (1959) method of vege- 
tation analysis gave an intuitively acceptable 
estimate of dominant vegetation, but for estab- 
lishing a close link between plant abundance 
and herbivore diets, a finer-scale method of 
resource analysis is necessary. Since individual 
Townsend's ground squirrels have large home 
ranges (mean = 1357 m°; Smith and Johnson 
[9S5) with a wide foraging radius, it is net sur- 
prising that Townsend's eround squirrels were 

cating species not re eorled bv the vegetation 
analysis, even though the sites were relativ ely 
homogeneous. 

There was no correlation between the total 
abundance of exotic annuals at a site and their 
importance in the diet. The number of plant 
species in the diet not recorded by the vegeta- 
tion analysis prechided determining dietary 
pre 4erenece indices for Tow meer eround 
squirrels. However, examination of vegetation 


>? 
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TOWNSEND'S GROUND SQUIRREL DIETS 


DD 


TABLE -b. Late season (Mav! 1985 Townse nds ground squirre J diets. Data are from: stomachs of adult and vearling TCS 
at four sites in the Snake River Birds of P rey Nn Die tary composition is IVC as percent re dative de TSIEN | RD. percent 
frequency in microscope fields (MHP), and percent fre quency of stomac ie (PS) containing each diet: uv category, Other 


svinbols: + = <I%.-= absent, a — 


Brainbc rol stomachs. Site [was not sample “lin 19SS. 











Unburned 
hig sagebrush 





Dictary categonrn RS NTE Ps 





N ] 
GRASSES 
Poa secunda 2 SO 100 
Bromus tectorun 22965-6100 
Vulpia octoflora 200504 S00 
Sitanion hystrix 5 100 


Agropyron desertorum 

Grass seed 

Grass root _ - — 

Total grasses ) 
SHRUBS 

Ceratoides lanata = = = 

Artemisia tridentata _ - _ 


Atriplex nuttallii ar ke. ale 
Ch rysothanuies viscidiflorus — - - 
Total shrubs 3 
FORBS 

Salsola iberica 22 60) -J00 
Sisymbrinin altissimuarm -- -- ~ 
Descurainia—2 spp. _ = : 
Ranunculus testiculatus Ir BS 100 


Forb root = ae = 


Total forbs 39 
MISCELLANEOUS 

Insect = = = 

Unknown =e = = 

Total miscellaneous Q 





abundance (Table 1) in comparison to consmnip- 
Mon (lables 2—14) ae eee that most of the 
abundant plant species were also important in 
the dict, and that rare plants were being used 
only in trace amounts. There were some inter- 
esting exceptions to this, however. Cheatgrass 
was et arily important (39% relative de sity?) 
but not recorded in the. egetation analysis at the 
rehabilitation site. 

Diets became more diverse in May, probably 
as a result of grasses curing and see sds be ‘coming 
available. Giga squirre ike ‘at large amounts of 
seeds prior to entering torpor (Rickart Ion. Eb. 
Yensen, personal observation). Perhaps if insul- 
ficient seeds are available during a dronghit vear, 
Townsend's or ound squirre ‘ls turn to inse cts asa 
fat source. Howev er, at the exotic annual site 
where insect use was highest in 1987, cheatgrass 
(mostly seeds) was the major constituent of the 


diet. This relationship should be explored further. 


Although halogeton (Halogeton glomeratus) 


Exotic 
anauals 


Riel PS 


Native 
GTASSCS 





RD Wks Ps 


5 $ 
19 10 SO 

Saw as SO Bay oe re 
2] 36 100 6 IS 100 
4 6 40) > ts 50 
|} 10 20) 2 ] 25 
5 Ie G60 = = = 

SS on 
- as _ Is 2 50 
_ = _ 3 > 50 
6 14 2) 2 4 25 
= 7 : - ] 25 

6 Is 
6 IS 60 ] 4 Fe 
_ _ = I> 33 50 
= a = 2S 13 50 
+ ] 20) = = 

6 jt 
: = - 4 ! 5 
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was not recorded by the vegetation analysis. 
small amounts of it were fornd in two stomachis 
at the rehabilitation site in March 1985 (Table 
3). Halogeton is poisonons to livestock, but 
sheep can eat it with punts in winter, prob \- 
bly because rains have leached the oxalates out 
of the dried leaves (Cook 1977). Presumably, 
Townsend's ground squirrels were eating dried. 
rather than fresh, leaves in March, 

Idaho and Colimbian ground squirrels have 
highly varied diets of 11-25 plant species per 
fecal pe Het group | Dyni and Yensen, in prepa- 
ration). However, in that study only 2-4 plant 
species Cusnally GTASsses) } contributed >10% to 
the dict. Rogers Saad Gano (1950) fond that 
only three plant species (Poa spp.. Desciurainia 
pinnata, and Lupinus laxiflorus) contributed 
>10% of the dict of Townsend's ground squir- 
rels in southeastern Washington. Tfansen and 
Ueckert (1970) found 1-5 species contributed 
>10% in the diverse (47 plant species) diets of 
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Wyoming ground squirrels i) Colorado, Flansen 
and Jolinson | 1976:750 conclided that 


Richardson | =Wvoming ground squirrels graze on 
avanety of pi units as thes fill their stomachs rather 
these Jectin JOIN prel erred foods when their stom- 
achs are nearly empty. This may be an evolutionary 
strate gn developed to allow them to consmine 
vetches. The dilution of toxic foods by non-toxic 
foods decreases the probability of plant poisoning. 
Frecland and fanzen | L974) reviewed strat- 
egies of herbivory by m: unmals in response to 
secondan plant conpou nds. They suggested 
that a generalist herbivore should feed predom- 
ink ie on one or two foods. but continue to 
sample other foods present. When an herbivore 
experiences a wnutritional deficiency. it shonld 
sample all available foods until it finds some- 
thing which supplies that nutrient. 

The feeding strategies proposed by Freeland 
and Janzen | 1974 and Hansen and Johnson 

1976) appear to occur in several members of 
the subgenns Spermophilus. The data indicate 
that ground squirrels specialize on 2-4 highly 
nutritional species, but supplement them with a 
wide variety of other species, apparently as “poi- 
soning insurance.” In this study. Townsend's 
ground squirrels similarly depended on only a 
few species for the bulk of the diet, but a wide 

varicty of trace species was not available. Hany 
of these species should) provide insufficient 
quantities of a kev nutrient (e.g. linoleic acid 
necessary for hibemation). ie athe limited 
selection of food species could have negative 
popnlation consequences. 

The question of whether Townsend's ground 
squirrels can utilize exotic annuals as dietary 
sti hae is answered in the affirmative by this 
study. Native forb species were of minor impor- 
tance in the dict. but this does not necessarily 
reflect preference. Native forbs are now so rare 
at the four sites that none were recorded by the 

egctation analvsis, and thus the NOTHELY not have 

becnavailable fore onsmnpliou. Only one native 
forly ¢ fe was found in the stomachs. 

Poe cousequences of limited dietary variety on 
. erm mutrition of Townsend's sround 
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herbarium specimens, and we especially appre- 
ciate M. P. Luscher’s assistance in preparmng the 
slides. R. G. Anthony, D. R. Johnson, S. Knick, 
E. A. Rickart. K. Steenhof. and B. Van Home 
made helpful comments on an earlier draft of 
the manuscript. 
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